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thoroughly studied it will be found to belong to one of these re 
eently differentiated genera. F. H. Knowlton. 

0. S. National Museum, Washington, D. C. 



Mean Values. 

Miss Porter's kindly criticism (Science, June 2) of one point 
in the article, " Sun- Heat and Orbital Eccentricity" (Science, 
Apr. 28), gives occasion to say a work in regard to mean values. 
Since the mean value of n quantities is the arithmetic mean of 
their sum, it would appear at first glance as if the term were a 
perfectly definite one ; but if the quantities to be averaged are 
successive values of a function of some variable, then clearly their 
magnitudes depend not only on the nature Of the function, but 
also on the law of variation of the fundamental. Thus, suppose 
we have the isotherm, pn = c, and wish to know the average 
pressure between the volumes v = v t and v = v s . It is necessary 
to make some assumption in regard to the variation of v. If its 
increments are supposed equal, we understand by the " mean 
value " of the pressure the average of the pressures corresponding 
to the values of v. If the volume is assumed to depend in turn on 
some other variable in such a manner that the abscissa-increments 
are not equal, the mean value will now be the average of the new 
series of pressure-ordinates corresponding to the series of values 
of v arising under the second assumption. Evidently these two 
means will in general be unequal, but one is just as properly the 
•"real average" as the other. The formula for mean value may 
be derived by a method even simpler than the usual analytical one 
as given by Williamson and Todhunter. Let it be required to 
find the mean value of y where y—f(x) and x is an equicrescent 
-variable. If y = f (a?) be treated as a curve referred to rectangular 

6 
axes, / / (x) dx is the expression for the area, A, bounded by 

a 
the X-axis, two ordinates, and the portion of the curve intercepted 
between the bounding ordinates. Let A = A', where A' is a 
rectangle whose base equals the base of A. Then the altitude of 
A' is the average of the ordinates in A. For let 
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Vn. 



= 2/o> 
n 

the average of the series of ordinates. 

Then y x + y a + = y„ + y + • • • • on to n terms. 

Multiplying by A a? and summing, 

'2 (y t + y„ + . . . .) A x = 2 (y + y + . . . .) a x; 

or, making n indefinitely large, 

6 b 

f y dx = y j dx — y (b — a). 



But 



/ y dx = A, hence y (b — a) = A', 



as having developed into this axis, whilst a circle of unit radius 
with pole as centre has developed into a straight line parallel to 
the axis, the radii-vectores keeping their normal position with 
respect to the circle. In finding the mean value of the radius- 
vector of an ellipse, d being constant, the figure A has three rec- 
tilinear sides : x = 0, x = k, and the X-axis. Its fourth side is 
the curve, 

y = a A ~ e 3 > 
1 + e cos x 

The base of the figure is w; hence the mean value is 



and, since o — a is the base of the rectangle, A', y„ is it salti- 
tude. 

For example, let it be required to find the mean pressure be- 
tween the volumes v t and v z . If the isotherm is pv = c, the 
area, A, in this case becomes 

f 1dv=:clog(^); 
J V \v,/ 

Vx 

its base is i> 3 — v lt hence the mean pressure is 

»» — »i v «i/ 

This conception of mean values may be readily c^ 1 yed when a 
curve is expressed in polar coordinates. If r—f(8), let x be 
written for and y for r. The Cartesian equation thus arising 
furnishes a curve which sustains peculiar relations to the original 
polar curve. The raiiii-vectores are taken out of their fan-shaped 
arrangement and plaoed eqni- distant and parallel, with their ex- 
tremities on the comon line, the X-axis, The pole may be viewed 
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dx = a (/ j . 



It will be seen that the area-method serves only when the ordi- 
nates are equally distributed throughout the area A, In the 
dynamical problem of the earth's mean distance from the sun it 
is not (or x) which is the equicrescent variable, but t, the time. 
A must therefore be taken equal to 



/ 



r dt, 



for which r=f(t) must be given; but, as is well known, the 
equation expressing the relation between r and £ is transcendental 
and cannot be written in the form r=f(t). Recourse must 
therefore be had to other devices for finding the mean distance 
when the problem is rendered kinematical by taking Kepler's 
second law into account. Ellen Hayes. 

Wellesley, Mass. 

Iron and Aluminium in Bone Black. 

Will you kindly, in your next issue, print the following cor- 
rections to my article on " Iron and Aluminium in Bone Black," 
which has just reached me. 

Page 300, first column. In twentieth line (from the bottom of 
page), after the word " permanent," insert, and boil. In nine- 
teenth line (from bottom of page) remove the first two words : 
"and boil." 

In twelfth line (from bottom of page) insert a decimal point 
between 5 and at end of this line, for the figure must read 5.0 
and not 50 grammes. 

Page 801, first column. In twentieth line (from bottom of page) 

transpose after " iron." Instead of "aluminium, or the phosphate" 

then should stand: or the aluminium phosphate predominates. 

J. Q. Wiechmann. 
New York, June 7. 

Estimated Distance of Phantoms. 

In Science of May 19, p. 269, Mr. Bostwick mentions the fa- 
miliar experiment of binocular combination of regular patterns, 
such as a tessellated pavement or figured wall-paper, by means 
of ocular convergence, and states that in his case, although the 
figures of the phantom thus formed appear smaller, yet contrary 
to the statements of all other writers they do not appear nearer 
but farther off than the real object. This seems to me inexplica- 
ble if the phantom is really distinct. 

As I have very unusual facility in making such binocular com- 
binations, I will very briefly describe an experiment of this kind. 
I stand now looking down on the tesselated oil-cloth covering the 
floor of the library. By ocular convergence I slide the two 
images of the floor over one another in such wise as to combine 
contiguous figures. After perhaps a brief interval of indistinct- 
ness, the pattern appears with perfect clearness at half the dis- 
tance of the floor and the figures of the pattern of half the real 
size. The sense of reality is just as perfect as in the case of a 
real floor at that distance. It seems to me as if I could rap it 
with my knuckle. Taking now this phantom as a real object, by 
greater convergence the plane can be brought up higher and 
higher, until by extreme convergence it is brought within three 
inches of the root of the nose and seen there with the greatest 
distinctness in exquisite miniature, the figures being only one- 
quarter inch in diameter. By relaxing the convergence a little, 
the phantom-plane may be dropped and caught on lower and 
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lower levels until it falls to its real place on the floor. The com- 
bination beyond the plane of the object, and therefore with fig- 
ures enlarged, is also easy if the figures are small, but never 
quite so easy as combination on the nearer side. 

These phenomena are as easy to me as any ordinary act of 
sight. No device of any kind, such as use of pencil or finger to 
fix the point of sight is at all necessary. I can watch the double 
images approach, combine, pass over, combine with the next 
figure, etc., with the greatest ease and certainty. Moreover, the 
sense of reality and of exact distance is as perfect as that of any 
other object. 

In young normal eyes great difficulty is often experienced in 
getting this perfect perception of distance because the phantom 
is not perfectly clear. The reason is this : The two adjustments 
of the eyes, the axial and the focal, are invariably associated in 
every act of sight. Therefore, in the experiment the eyes are ac- 
commodated to the point of ocular convergence, i.e., thedistanceof 
the phantom. But the light comes from a greater distance, viz., 
from a real object— the floor. The retinal image, therefore, is not 
distinct and the figures are blurred. I no longer, now, suffer 
from this difficulty, because I have become presbyopic, and have, 
therefore, lost the power of accommodation. The clearness of 
the phantom is perfect almost immediately. When I was younger, 
there was always a considerable interval before the phantom be- 
came clear. The clearing up was the result of a dissociation of 
these two consensual adjustments. While the axial adjustment 
remained adapted for the distance of the phantom, the focal ad- 
justment (accommodation) was changed to the distance of the 
real object. Now this dissociation of two adjustments so invaria- 
bly associated in every act of sight, is difficult for most, and im- 
possible for many persons. But until this dissociation is effected 
and the phanton becomes perfectly clear, the sense of reality, and 
especially the perception of distance, will be imperfect and 
vacillating. The use of glasses adapted to distinct vision at the 
distance of some one of the possible phantoms will make that 
particular phantom clear. 



Now this clear perception of the distance of a phantom, nearer 
and smaller in proportion to the degree of ocular convergence, is, 
of course, not peculiar to me. All writers on the subject record 
the same result. All my pupils who succeed at all in binocular 
combinations get the same result. I am sure I have tried hun- 
dreds, I might almost say thousands, and always with the same 
result. This result is, therefore, normal and in complete accord 
with the laws of vision. For near objects, there are two modes 
of estimating distance, viz., by axial convergence (binocular per- 
spective) and by accommodation (focal perspective). Now, of 
these two, the former is by far the more exact, and therefore 
takes control of judgment of distance if the two are not in accord. 
This is proved by naked-eye combination of ordinary stereoscopic 
pictures by ocular convergence. In such cases, we have the phe- 
nomenon of inverse perspective. The judgment of relative dis- 
tance by axial convergence completely reverses the real relative 
position of objects. Binocular perspective overrides every other 
form of perspective, whether focal, or mathematical, or aerial, 
and comes out victorious in spite of the absurdity or even impos- 
sibility of its results. 1 

Now, in the case of phantoms, axial convergence fixes the dis- 
tance. But this fixes also the size; for the apparent size of any- 
thing is a product of the retinal image multiplied by the estimated 
distance. The size of the figures will be small in proportion to 
the nearness of the phantom. This is in exact accord with the 
laws of vision. But Mr. Bostwick says, that in his case the fig- 
ures seem smaller and yet more distant than the real object. He 
explains this, if I understand him aright, by the fact that in the 
dissociation of the axial and focal adjustments, while most per- 
sons follow the axial, he follows the focal adjustment, in esti- 
mating distance. Near objects require greater accommodation ; 
but there is no such accommodation in this case, therefore the ob- 
jects judged by this test will not seem nearer. But, again, since 

1 If anyone Is specially Interested In this subject, he will and It fully 
treated In my little volume, entitled " Sight," volume 31 of the International 
Scientific Series. 



CALENDAR OF SOCIETIES. 

Appalachian Mountain Club, Boston. 

June 14. — Miss Lucy A. Putnam, An 
Ascent of Adam's Peak, Ceylon ; Henry 
Lambert, Forests and Forestry in America 
and Europe. 
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ROUGHING IT WITH M ECLIPSE PARTY. 



A. ROCHESTER FELLOW. 

CS. H. SCUDDER.) 

With thirty-two Illustrations and a Map. 
12°. $1.50. 

" This is a sprightly narrative of personal inci 
dent. The book will be a pleasant reminder to 
many of rough experiences on a frontier which is 
rapidly receding.' 1 — Boston Transcript. 

" The picture of our desolate North-western terri- 
tory twenty-five years ago, in contrast with its 
civilized aspect to-day, and the pleasant features of 
the writer's style, constitute the claims of his little 
book to present attention." — The Dial. 



H. D. C. HODGES, 874 Broadway, H. Y. 

POPULAR MANUAL OF VISIBLE SPEECH AND 
VOCAL PHYSIOLOGY. 

For use in Colleges and Normal Schools. Price 50 cents 
Sent free by post by 

N. » C. HODfiES, 814 Broadway, N. Y. 



THE MODERN MALADY ; or, Suf- 
ferers from ' Neryes.' 

An introduction to public consideration, 
from a non-medical point of view, of a con- 
dition of ill-health which is increasingly 
prevalent in all ranks of society. In the 
first part of this work the author dwells on 
the errors in our mode of treating Neuras- 
thenia, consequent on the wide ignorance of 
the subject which still prevails ; in the sec- 
ond part, attention is drawn to the principal 
causes of the malady. The allegory forming 
the Introduction to Part I. gives a brief his- 
tory of nervous exhaustion and the modes of 
treatment which have at various times been 
thought suitable to this most painful and try- 
ing disease. 

By CYRIL BENNETT. 

12°, 184 pp., $1.50. 



N. D. C. HODGES, 874 Broadway, N. Y. 



THE RADIOMETER. 

By DANIEL S. TROY. 

This contains a discussion of the reasons 
for their action and of the phenomena pre- 
sented in Crookes' tubes. 

Price, postpaid, 50 cents. 



N. D. C. HODGES, 874 Broadway, New York. 



Reading Matter Notices. 

Bipans Tabules cure hives. 
Bipans Tabules cure dyspepsia. 
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ACK NUMBERS and complete sets of leading Mag- 
azines. Sates low. AM. MAG. EXCHANGE, 

Schoharie, N. Y. 



RESTORE YOUR EYESIGHT 

Cataracts, scars or films can be absorbed and! 
paralyzed nerves restored, without the knife 
or risk. Diseased eyes or lids can be cured by 
our home treatment. " We prove it." Hun* 
dredB convinced. Our illustrated pamphlet, 
* Home Treatment for Eyes," free. Don't miss it* 
Everybody wants it. " The Eye," Glens Falls, N.T. 




WORLD-ENGLISH. 



25 Cents. 



HANDBOOK OF 
WORLD-ENGLISH. 



25 Cents. 

Ex - President Andrew D. 
White, of Cornell University, 
says: " I believe thatthe highest interests of Chris- 
tian civilization and of humanity would be served 
by its adoption." 

" So set down, our tongue is the best for the world 
to unite upon."— Brooklyn Eagle. 

'■ The idea of Mr. Bell has much to recommend it, 
and the presentation is charmingly clear." — Ameri- 
can, Phila. 

"The result is a language which cannot fail to 
meet with acceptance." — Boston Traveller. 

"World- English deserves the careful consideration 
of all serious scholars."— Modem Language Notes. 

Sent, postpaid, on receipt of price. 

N. D. C. HO GES, 

874 Broad way, New York. 
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they seem smaller, and since distant objects also seem smaller, 
they will seem more distant. 

There are two objections to this explanation. 1. The accom- 
modation is for the distance of the real object, as is proved by 
the distinctness. Why, then, should the object seem farther? 
2. Again, distant objects seem smaller only because their retinal 
images are smaller; but this is not so in the case under considera- 
tion. 

In justification of his view, Mr. Bostwick says that "in monoc- 
ular vision an object appears distant or near according as the eye 
is fixed respectively on something nearer than it or something 
beyond it." I am familiar with the fact here referred to, but in 
this case the appearance of greater or less distance is so imperfect 
that it can hardly be called estimate. It may seem farther or 
nearer almost at will. It is a matter of fancy, not a sober cer- 
tainty of rational judgment. In fact, there is no ground for form- 
ing any judgment. 

Although Mr. Bostwick speaks of his estimate of the distance 
of the phantom as " distinct," yet I cannot but think that, for 
want of complete dissociation of the axial and focal ad justments 
the image is not quite sharp; and that, if he got the same sharp, 
realistic image which I get, he would see the distance as I see it. 
Of course, there is no disputing about how things seem to differ- 
ent observers any more than there is about tastes ; but neverthe- 
less, there are some things which are normal and reducible to 
intelligible law, and some not. Mr. Bostwick's case may be ab- 
normal, but I think probably not. I well know how illusive 
binocular phenomena are. He will, I am sure, pardon me for 
thinking that with more practice in experiments of this kind he 
will come to see things as others see them. 

Joseph LeConte. 

Berkeley, Cal., May 27. 

A Rain of Fishes. 

During a recent thunder-storm at Winter Park, Fla. , a number 
of fish fell with the rain. They were sunfish from two to four 
inches long. It is supposed that they were taken up by a water- 



spout from Lake Virginia, and carried westward by the strong 
wind that was blowing at the time. The distance from the lake 
to the place where they fell is about a mile. 

Thomas R. Baker. 



AMONG THE PUBLISHERS. 



Macmillan & Co have published a brief biography of the 
late English anatomist, William Kitchen Parker, written by his 
son, T. Jeffery Parker. It begins with an account of his birth 
and early life on his father's farm, and then of his schooling and 
his apprenticeship, first to an apothecary and afterwards to a 
surgeon. With his strong inclination for biological studies, it was 
natural that he should choose medicine as his profession ; but it 
is evident, as indeed his biographer admits, that he had no great 
love for his profession and only moderate success in the practice- 
of it His prime interests in life, apart from his family, were 
two things not often found in conjunction at the present day, 
science and Wesleyan religion ; and he seems to have been equally 
devoted to both and to have found no incongruity between the 
two. In biology he was largely self-taught} but a few discern- 
ing friends saw that he was capable of important original work, 
and assisted him in the prosecution of such work. He became a 
member of the Zoological Society and afterwards a fellow of the 
Royal Society ; but the position that proved the most useful to 
him was the Hunterian professorship of anatomy and physiology 
in the Royal College of Surgeons, because it not only gave him 
the opportunity to lecture on his favorite subjects, but also added 
to his otherwise moderate income. His principal scientific work, 
his researches on the skull, is described at some length in this 
book, and there are briefer notices of his other studies and a bibli- 
ography of all his published works. His principal fault as a sci- 
entific writer, his son thinks, was his complicated style; his 
topics being arranged in a disorderly way and his sentences 
hastily constructed. Yet biologists will doubtless echo the 
words of the Royal Society that he was "an unworldly seeker 
after truth . . . whose beneficent influence will ever be felt in : 
a wide-spreading and advancing science." 



ATonic 

For Brain- Workers, the Weak and 
Debilitated. 

Horsford's Acid Phosphate 

is without exception the Best 
Remedy for relieving Mental 
and Nervous Exhaustion ; and 
where the system has become 
debilitated by disease, it acts as 
a general tonic and vitalizer, 
affording sustenance to both 
brain and body. 

Br. J. C. Wilson, Philadelphia, Pa., 
says: " I have used it as a general tonic, 
and in particular in the debility and 
dyspepsia of overworked men, with sat- 
isfactory results." 

Descriptive pamphlet free. 
Rumford Chemical Works, Providence, R. I. 
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Exchanges. 

[Freeof charge to all, if of satisfactory character. 

Address N. D. C. Hodges, 874 Broadway, New York.l 

For sale. — Wheatstone Bridge wire, made to 
order, new and unused. Price, $10. W. A. Kobbe, 
Fortress Monroe, Va. 

For sale or exchange. — One latest complete edi- 
tion of Watt's Dictionary of Chemistry, in fair con- 
dition; one thirty volume edition (9th) of Allen's 
Encyclopasdia Britanniea, almost new. Will sell 
cheap for cash or will exchange for physical or 
chemical apparatus. Address Prof. W. S. Leaven- 
worth, Ripon College, Ripon, Wis. 

Exchange.— One celestial, one terrestrial globe, 
one lunatettis and charts, celestial maps, diagrams 
and ephemeris from 1880 to 1893, astronomical 
works, all in good condition. Will sell cheap or ex- 
change. Make offer. C. H. Van Dorn, 79 Nassau 
St., New York. 

The Rev. A. C. Waghorne, New Harbor, New- 
foundland, wishes to sell collections of Newfound- 
laud and Labrador plants, all named by competent 
botanists. He is going on a missionary journey 
along the Labrador coast, from the middle of July 
till October, and in return for much needed aid to- 
wards (Episcopal) Church purposes in that region, 
will be glad to be of service to any botanists who 
may write to him. Letters posted in the U. S. up 
to July 1 will reach him at the above address, and 
if posted later will be forwarded. 

For sale.— J. D. Dana's Report on Crustacea of 
the U. S. Exploring Expedition under Charles 
Wilkes. Text and plates well bound in three vol- 
umes, half morocco, $75. Samuel Henshaw, Bos- 
ton Society of Natural History, Boston, Mass. 

For exchange — I wish to exchange cabinet skins 
of Californian birds or mammals for any book on 
the following list, books if second-hand to be in 
good order. Manual of Vertebrates, fifth edition, 
D. S. Jordan; Nests and Eggs of North American 
Birds, Oliver Davie; Marine Mammals of the West 
Coast of North America, C. M. Seammon; The 
United States and Mexican Boundary Survey, Vol. 
II., Zoology, S. F. Baird. F. Stephens, Witch Creek, 
San Diego Co., Cal. 

Minerals for exchange— John Holl. Rollo, Wil- 
mington, Delaware. 

For sale or exchange. — Johnson's Universal Cyclo- 
paedia, 8 vols., ed. 1888. Binding, half-morocco. 
Will sell cheap for cash or would exchange for 
typewriter. Address W. J. McKom, Mason, Mich. 

I have 500 microscopic slides to exchange in lots 
to suit. Want Kodak, first-class field-glass or 
scientific books. A. C. G-ruhlke, Waterloo, Ind. 



Wants. 



WANTED. — Second-hand copy of Ehrenberg's 
Radiolaria, Berlin. 1875. Selected diatom 
slides, cash or both in exchange. D. C. Lewis, M.D. 
Skaneateles, N. Y. ' 



WANTED, as principal of a flourishing technical 
school, a gentleman of education and experi- 
ence who will be capable of supervising both me- 
chanical and common school instruction. Special 
familiarity with some technical branch desirable. 
Address, (jiving age, qualifications, etc., J. B. Bloom- 
ingdale. Fifty -ninth street and Third avenue, N Y 



WANTED.— A young man as assistant in our 
microscopical department. Queen & Co., 
Philadelphia. 



THE undersigned desires specimens of North 
American Galliaae in the flesh for the study of 
their pterylosis. These species are especially de- 
sired: Colinus ridgwayi, cyrtonyx montezumae, 
deudragapusfranklini, lagopus welchi, tympanuchus 
mipirtn and pvrtioectes phasianellus. Any persons 
hming r.lroh.ilk' >!„., Mil-ik which they are willing 

i" I"' who run i'I.i Mil' ,-ipecimens of any of the 

above are requested to communicate with Hubert 
Lyman Clark, 8922 Fifth Avenue, Pittsburgh, Pa. 



A COMPETENT TEACHER of botany in college 
rV or university is open to engagement. Address 
L., Box 86, Rochester, Mich. 



CAN any one inform me as to the age to which 
cats have lived? I have one twenty years old 
Edward D. Webb, 182 W. Eighty-first St., New York 



WANTED — Second-hand. Foster's Physiology, 
Balfour's Comparative Embryology, Claus & 
Sedgwick's Zoology. Flower's Osteology of Mam- 
malia, Vine's Physiology of Plants. Please state 
editions and prices asked and address Richard 
Lees Brampton, Ontario, Canada 

A GRADUATE ENGINEER will give instruction, 
evenings in geometry, trigonometry and sur- 
veying, mechanics, physics, mechanical drawing 
and general engineering construction. Five years' 
experience in field and editorial work on engineer- 
ing journal. References furnished. C. S. H., 102- 
Tribune Building, New York. 



